RECENT experimental work on the v-ascularization of muscles in rabbits (Le Gros Clark and Blomfield, 1945) showed that, in spite of the presence of numerous arterial anastomoses, ligatture of one of the main vessels at its site of entry, or interruption of a main intramuscular channel by an appropriate incisioh in the musc-le or by a gunshot wound, may lead to sharply defined areas of ischaemia with ensuing necrosis. As
the result of the evidence offered bv these experiments, attention has now been turned to the intramuscular vascular pattern in human muscles and an attempt made to correlate the v-ariations of pattern in different muscles with the liability to regional necrosis and anaerobic infections following injurv. In spite of some early work bv Wollenberg (1905) and some observations recorded in 1919 by Campbell and Pennefather, verv little seems to be known of the course, distribution and anastomotic connexions in the different human muscles.
Radio-opaque media were injected into the main limb vessels of cadavers and the individual muscles dissected out, removed and X-rayed. In order to obtain a satisfactory injection it was found necessary to use a double injection technique, first ensuring the filling of the small vessels with a fluid barium suspension, and then filling the larger arteries with a mixture of barium sulphate paste and collodion. The main limb arterv NNith the mtuscles supplied by it were then removed together in a single group, and the wvhole preparation X-raved.
The vascular pattern in human muscles varies considerably from muscle to muscle, and these variations are clearly of importance in relation to their vulnerabilitv. As an example, reference mav be made to the muscles of the anterior tibial compartment.
Both the tibialis anterior and the extensor longus digitorum contain a series of anastomotic loops formed bv a succession of entering vessels, which extend through the whole length of the muscles. In each case there is a major anastomotic loop in the upper portion of the muscle and a succession of lesser arches below. Many subsidiarv collateral ainastomotic loops rise from the main loops, forming a complicated series of anastomosing arcades. But, while the tibialis anterior derives its blood supply entirelv frem the anterior tibial artery, the extensor longus digitorum also receives an abundant supply from perforating arteries which pass through the interosseous membrane from the posterior comparttment of the leg. The extensor longus hallucis also derives its supply partly from perforating vessels as well as directlv from the anterior tibial arterv, but the former source is relativelv meagre. Moreover, in this muscle the vessels form an open, qtuadrilateral type' of pattern in which the anastomoses are much finer and evidently muchi less efficient than in the other muscles. In connexion with these differences it is interesting to note that some cases have been recentlv observed by Mr. Zachary (1945) fromii the Wingfield-Mlorris Orthopxdic Hospital, Oxford, in which, following tdema or h,emorrhage into the closed anterior tibial compartment, the tibialis anterior and extensor longuLs hallucis both uinderwent necrosis, while the extensor longus digitorum was spared.
An interesting contrast is shown in the intramuscular vascular pattern of gastrocnemius and soleus. The pattern in both is formed mainly bv longitudinallv disposed vessels. But whereas in gastrocnemius the vessels are commonlv derived from a single main arterv wNhich splits up into branches to enter the upper end of the muscle and descend throuighout its entire length, in the soleus there are at least five separate vessels enltering the mulscle separately in succession from above downwards and contributing to the longitudinal anastomotic chain. This difference would account for the greater suLsceptibility of the gastrocnemius to anaerobic infections in wouLnds of the calf. For example, Trtueta (1943) has informed me of a case with muLltiple wouinds of the calf, involving both gastrocniemius and soleus, in which the whole of the former muscle had become converted into a necrotic mass while the underlying soleus retained its vitalitv. A similar case, in which the vessels entering the upper end of gastrocnemius were interrupted by a shell fragment leading to necrosis of the distal part of the muscle, has quite recently been recorded bv Wood Power (1945) . From ouLr stuLdies it is possible to recognize five main types of intramuscular vascular pattern. These are as follows: (1) A longituLdinal anastomotic chain formed bv a succession of separate nutrient vessels entering the muscle throughout most of its length, e.g. soleus and peroneus longus. (2) Longitudinal pattern of vessels derived from a single group of arteries which rise from a common stem and eniter one end of the muscle. e.g. gastrocnemius.
(3) Radiating pattern of collaterals wvhich rise from a single vessel entering the middle part of the muLscle, e.g. biceps brachii. (4) A pattern Proceedings of the Royal Society of Medicine 28 formed by a series of anastomotic loops ranging throughout the length of the muscle and derived from a succession of entering vessels, e.g. tibialis anterior, extensor longus hallucis and the long flexors of the leg. (5) An open quadrilateral pattern with sparse anastomotic connexions, e.g. extensor longus hallucis.
A preliminary survey of the relative vulnerability of muscles to necrosis and clostridial infeztions indicates that this may be related to the following vascular factors.
(1) The site of entrv and source of the main nutrient vessels. Thus the gastrocnemius is particularlv vurnerable since it is supplied by a single group of nutrient arteries which may all be involved in a local wound in the lower part of the popliteal fossa. The tibialis anterior is vulnerable to wounds involving the anterior tibial artery from which it derives its entire supply. The biceps brachii commonlv has a single entering nutrtientartery. (see the case reportcd bv Wood Power in wvhich this vessel was interrupted by a shell wound).
(2) The nutimber of nutrient vessels derived from independent sources.
(3) The intramuscular pattern of vessels. The longitudinal pattern characteristic of gastrocnemius and soleus renders these muscles more vulnerable to injury than the pattern of anastomotic loops in the long flexors and extensors of the leg.
(4) The efficiency of the intramuscular anastomoses. This is obviouslv less in the extensor longus hallucis than in the other long extensors of the leg, and there is clinical evidence that in progressive or mild degrees of ischaemia this muscle mav undergo extensive fibrosis while the other muscles are relativelv unaffected, as reported by Cohen (1945) at a recent meeting of the Vascular Injuries Committee of the Medical Research Council.
(5) The relation of the muscle volume to the size of the main nutrient vessels and the size of the anastomotic connexions. Both soleus and peroneus longus have a simple longitudinal anastomotic pattern formed in each case by about the same number of entering vessels. But the peroneus longus is much smaller in volume compared with the number and size of the vessels, and is almost never involved in anaerobic infections.
The investigations of which the results have been briefly outlined were carried out in the Department of Anatomy, University of Oxford, under the direction of Professor Le Gros Clark. The radiological records were made at the Radcliffe Infirmary with the kind assistance of Dr. Kemp, and the post-mortem material was made available by the help of Dr. Robb-Smith.
A Case of Pathological Dislocation of the Hip-and What Happened to an Epiphyseal Transplant.-A. S. BLUNDELL BANKART, I.R.C.S. Girl, aged 19 . At the age of 3 months she had acute septic arthritis of the left hip. An abscess was opened and she recovered with the loss of the whole of the head and neck of the left femur. When first seen at the age of 2 %¼ years, there was a pathological dislocation of the left hip, the greater trochanter was on a level with the anterior superior spine of the ilium, and the child walked with a pronounced limp.
On December 18, 1930, when she was 4 years 9 months old, a shelf operation was done and a large flap of bone was turned down from the ilium. At the same operation the upper 3 or 4 in. of the left fibula were excised and inserted as a graft into the trochanter at approximately the normal angle of a femoral neck. The proximal end of the graft carrying the fibular epiphysis was placed in the hip-joint, and the wound was closed. Skiagrams taken after this operation show that the fibular bone graft was absorbed and disappeared completelv, but the epiphysis survived and has grown ever since.
During the next four years it was noticed that the upper end of the femur was tending to shift towards the outer side of the shelf, the epiphysis occupying most of the space between it and the acetabulum. On March 8, 1935, when the child was 9 years old, in order to improve the stabilitv of the hip, a high subtrochanteric osteotomy was done and the shaft of the femur was placed directly under the fibular epiphysis. Since then the epiphysis has continued to grow and it has become more and more like the head of a femur. Skiagrams taken at the present day, fifteen years after the original transplantation, show that the epiphysis is completely ossified, that it is considerably larger than a normal fibular epiphysis of the same age, and that its upper border corresponds closely to the contour of the acetabulum above it.
The hip is nov quite stable, there is 1 %2 in. of shortening which has not increased in ten years, and when this is compensated for, the patient walks with very little limp.
